with a range o f 43-108%. The difference between the two is highly significant ( P < 0.001 ). The ratio o f neonatal C3PA to adult C3PA is 0.52 & 0.10. I n only one case was the newborn level greater than the mean adult value. There is posithe correlation, r = 0.18, with gestational age, although i t falls short of statistical significance ( P > 0.1 ). There were no differences between the male and female neonates. C3PA titers were compared with C3 concentrations and so plotted. Although there was a positive correlation, r = 0.22, i t was not statistically significant ( P = 0.1 1.
> 0.1 ). There were no differences between the male and female neonates. C3PA titers were compared with C3 concentrations and so plotted. Although there was a positive correlation, r = 0.22, i t was not statistically significant ( P = 0.1 1.
I n an infant with gram-negative septicemia. the C3PA concentrations were much greater than the mean value found i n normal cord sera. They were also greater than the mean value for normal adult C3PA titers. the multiple being 1.8 2.5. On first determination. after 2 days o f normal to slightly ele\ated temperatures. a value of 132 i 6% was found. The second determination with a spike to 101.5" F, and gave the highest of the three titers, 185 & 4%. A t the same time that the C3PA levels reached this peak, the f e~e r dropped to normal. A t the time o f the last determination. the C3PA levels had returned to that o f the original sample. 125 4%.
This study demonstrates that the cord sera o f the normal term neonate is deficient i n C3 and C3PA when compared with adult controls. Neither C3 nor C3PA correlated with gestational age. C3PA levels increase steadily as C3 titers increase and comparable ratios to adult values indicate that the alternate pathwav is probably maturing at the same rate as the classic pathway. The results i n the septic infant may represent a response to an inflammatory condition (acute phase phenomena). a block in alternate pathway expression, or svnthesis bevond increased C3PA catabolism.
Speculation
The development o f the alternate pathway probablv parallels the maturation o f the organ systems responsible for its synthesis. although placental mechanisms (equilibration or production of an inhibitor substance) have not been excluded as a factor in the status of this system i n the neonate. Investigation o f the abnormal findings in an adequate sample o f neonates with gram-negative is indicated to assess the role o f the alternate pathway o f complement activation in the pathogenesis and prognosis o f this condition in the neonate.
The complement system is an important effector system in the pathogenesis of inflammation. An impressive array of biologic activities important to host defenses including immune adherence. opsonization, leukocyte chemotaxis, and virus neutralization result from activation of this system. The "classic" pathway of complement activation is initiated by an antigen-antibody complex activating the complex first complement component ( C 1). which in turn activates C 4 and C2, and an enzymatic product is formed which cleaves 13 to its active state. As a result of the activation of C 3 through C9, important biologically active products are also released, such as anaphylotoxins and chemotactic factors. and, ultimately. disruption of biomembranes resulting in cytolysis may occur (32) .
In recent years it has been appreciated that another set of proteins, referred to as the "alternate" or "properdin" pathway, is capable of activating C3 (14, 20, 26, 28) , thus bypassing the initial antigen-antibody and C l , C4, and C2 reactions, but still producing the important biologic functions of the system (12, 17, 24) . Substances shown to be capable of initiating this pathway include endotoxin lipopolysaccharides (1 1, 14, 16, 21, 28) , aggregated myeloma proteins IgAl, IgA2. IgG4 (14) . cobra venom factor (14. 27) . and yeast cell wall zymosan (6. 29) .
Despite the important role of the complement system in host defenses, the studies dealing with its development and function in fetal and neonatal life have been few. Except for the report by Stossel and coworkers (33) . who correlated deficient opsonic activity of some cord serum with subnormal concentrations of C 3 proactivator protein, the studies deal exclusively with the classic pathway components (9, 10, 18, 19, 30) . This study attempts to quantitate the maturation of the alternate pathway in the neonatal period.
M A T E R I A L S A N D M E T H O D S
Adult sera from 17 healthy volunteers were obtained from the blood bank immediately after donation. The blood was allowed to clot and was then centrifuged. The resulting sera were stored at 4' during the 4 hr or less between centrifugation and time of freezing at -9 1" until used. Cord blood was obtained from 5 1 neonates at the time of delivery and processed in similar fashion. The three sera from infant K , a neonate suffering from gram-negative septicemia. were obtained by the heel prick method and stored as mentioned. One normal sample was initially designated as the reference serum for the protocol. This then served as the standard. to which the activity of all results were compared. Gestational age was obtained from the delivery room record at the Women and Infants Hospital at the time of delivery.
Alternate pathway activity was determined by measuring serum levels of one of its components, the C 3 proactivator (C3PA or Factor B) protein. C3PA levels were assayed by use of the radial immunodiffusion technique of Mancinni, as described by Ruddy er al. (31) . in which only 8% or less variation is found between identical plates. The anti-human C3PA rabbit serum, lot no. 1548K with an antibody concentration of 0.5 mg/ml =t 30%, was obtained from Behring Diagnostic Laboratories (34) and was stored at 4'. Plates were made of 3% Noble agar and buffer. with C3PA antiserum added in an amount resulting in a 1:40 dilution. The buffer was composed of 9 g Na-Veronal. 65 mg 0.1 N HCI. and I I ml 0.086 M EDTA. diluted to I liter. Each plate contained 3 ml agar-buffer-antibody mixture, and 20 wells were made, each having a diameter of 1.4 mm. Each plate was duplicated. All plates contained three wells respectively, filled with the reference serum Plates were read after 48 hr of humid incubation at room temperature using a measuring magnifier (35) . The diameter of the diffusion ring for each experimental sample was squared and compared with a concentration curve derived from the relationship between the serial dilutions of the reference sera and the squares of the diameter of each of their diffusion rings. Individual results are expressed as a percentage of reference serum activity. Results of each patient group are expressed as the mean reference serum activity for the group S E . Statistical analysis utilized the Student t test. C 3 levels were determined by the immunoplate human complement C 3 method of Hyland Laboratories and quantitated using a log diameter method. lmmunodiffusion of experimental sera in the agar-anti-C3 protein-antibody medium was compared with three sera containing known C3 concentrations. A curve was composed relating diffusion data of the known sera to their C 3 concentration. C 3 level in the experimental group was derived from comparison to this curve. Results are expressed in milligrams per 100 ml for each sample, and as the mean * S E for each group. Plates were read after 17.5 hr of incubation at room temperature. RESULTS C 3 levels of neonatal cord blood were significantly lower ( P < 0.005) than the C 3 levels found for adult sera (Fig. 1) . The mean value for the cord sera was 82 i 4 mg/100 ml, with a range of 4 1 1 4 5 mg/100 ml. The mean C3 value for adult sera was 102 i 3 mg/100 ml, with a range of 80-130 mg/100 ml. The ratio of neonatal to adult mean C3 concentrations was 0.80 i 0.9, higher than the 0.54 A 0.14 found to be the ratio of neonatal to maternal sera by others (9) . C3 levels did not correlate with gestational age as obtained from the hospital record (Fig. 2) . r = 0.06. The difference between the two is highly significant ( P < 0.001).
The ratio of neonatal C3PA to adult C3PA is 0.52 i 0.10. In only one case was the newborn level greater than the mean adult value. There is positive correlation, r = 0.18. with gestational age (Fig.   4) although it fails to reach statistical significance ( P > 0. I). The regression line is C3PA = 1.2 (gestational age) -10. There was no statistical difference between the male and female neonates. C3PA titers were compared with C 3 concentrations for each sample and plotted in Figure 5 . Although there was a positive correiation, r = 0.22, it was not a statistically significant one (P = 0.1). The regression line is C3PA = 0.09 (C3) + 27.
The results of the three blood samples from iwfant K are shown in Figure 6 . Because there was no umbilical cord blood available. the three samples represent heel stick serum. On the second day of life. infatlt K was diagnosed as having a gram-negative septicemia (criteria for diagnosis were temperature of 102°F and a lumbar puncture showing 24 white blood cells). Blood culture grew Escherichia coli sensitive to ampicillin and kanamycin 3 days later. On the third day of life, the infant was transfused with 25-30 cc whole adult blood. The samples were obtained after the transfusion, the first on da-v 5 (positive blood culture), the second on d a~, 11. and the last on dav 18. just before discharge.
The C3PA concentrations in the three samples are much greater than the mean value found in normal cord sera. They are also greater than the mean for normal adult C3PA titers, the multiple being 1.8-2.5. The first determination, on d a~, 5 . 2 days after transfusion, and after 2 days of normal to slightly elevated temperature. gave a value of 132 i 6%. The second, on d a~, 11, followed a 2-day period ( d a~~s 7-9) of elevated temperature with a spike to 101.5°F. and gave the highest of the three titers, 185 Fig. 4 . relationship of C 3 P A levels in healthy neonates to gestational age. 4"rJ. At the same time that the C3PA levels reached this ~e a k . the fever dropped to normal. At the time of the last determination. the C3PA levels had returned to that of the original sample 125 4 % after a period of 7 days of normal temperature.
D I S C U S S I O N
The C 3 proactivator (C3PA) protein is one of several components of an alternate pathway of complement activation. The complete reaction sequence and function of this pathway remains a subject of investigation. C3PA is one of the terminal proteins of the alternative mechanism. Its activation results in the generation of split products with 6 and y mobilities. The fragment with y mobility, C 3 activator (C3A). exhibits C 3 convertase activi'ty (14) . causing depletion of the later classic pathway components (C3-C9), without activation of the earlier ones ( C I , C4, C2). This study demonstrates that the cord sera of the normal term neonate is deficient in C 3 and C3PA when compared with adult controls. In the case of the former, the findings of Fireman et a/. (9) are confirmed. The C3PA ratio of infant cord sera to adult sera is 0.52 & 0.10.
Fireman et a/. (9) also found that C'H,,, C3, C4, and C 5 increased proportionally with gestation and reached adult concentrations within 3 6 months of age. In this study, neither C 3 nor C3PA behaved in this fashion when gestational age was taken from the delivery room record (Figs. 2 and 4) . C3PA levels increase steadily as C 3 titers increase (Fig. 5) . and comparable ratios to adult values indicate that the alternate pathway is probably maturing at the same rate ;is the classic pathway.
It is possible that at a certain point in fetal life, the alternate pathway is "induced" to function fully because of a variety of factors contributing to the fetal immune system. Several studies have indicated that phylogenetically the complement sqstem represents a more primitive biologic defense mechanism than the inimunoglobulins ( I . 7. 13, 18) . For the fetus the alternate pathway of complement activation could be a more primitive mechanism than the classic pathway because the latter requires an antigenantibody complex for initiation (25, 32) , whereas the former does not (14, 20, 26, 28) .
The development of the alternate pathway may parallel the maturation of some organ system responsible for its synthesis: once this organ system is mature, its production of these components ( C 3 P A ) tapers until after birth. Kohler (18) has found that C3, C4, and C5 synthesis was uniformly present in multiple organ systems at I I weeks of gestation and thereafter, but synthesis of the first complement component ( C l q ) was limited almost exclusively to the spleen. began at 14 weeks, and was not uniformly present.
Placental transfer could account for the data, either by an equilibration effect or through elaboration of an inhibitor substance. N o studies have as yet been done on C3PA regarding this possibility. For C3, results favor independent fetal synthesis. Fischel and Pearlman (10) studied complement components of paired mother-cord sera and concluded that transplacental equilibration was a strong possibility because of the constant ratios of the two. However, Propp and Alper (30) and Alper et a/. (5) found allotypic differences in C 3 between mother and fetus. Neither study found differences of an inhibitor substance.
The results for irlfarlt K are important, as gram-negative infections are one of the more serious hazards of perinatal life. Endotoxic lipopolysaccharides are capable of activating the alternate pathway ( 1 1 , 14, 16, 21 . 28). and many biologic aspects of endotoxic shock can be attributed to consumption of C 3 C 9 and their products (12. 15. 17, 24) . McCabe er a/. (22) have demonstrated that depletion of C 3 in adults with gram-negative sepsis can be correlated with a poor prognosis. A similar study by Fearon (8) has shown that C3PA levels were normal in uncomplicated adult cases of gram~negative sepsis. but were significantly depressed in patients whose course was complicated by shock. Alper has found increased susceptibility to infection in two patients. one with an abnormality of C 3 (2, 3) . the other with hypercatabolism of C 3 (4). McCracken (23) found a significant relationship between C 3 levels and opsonic activity for Staphylococcus aureus and Pseudonlonus aeruginosa. increasing C 3 levels coiresponding to higher opsonic activity. A similar effect was found for E. coli infections (23) . C3PA-depleted (by cobra venom) sera and untreated sera have been compared for ability to kill E. coli. In the former, 58.5"r of the original E. coli survived treatment with the sera: in the latter, only 0.6% survived, making C3PA a requirement for normal bactericidal activity (14) .
The results for irlfnrlr K may represent a response to an inflammatory condition (acute phase phenomena), a block in alternate pithway expression. or synthesis beyond increased C3PA catabolism. Investigation of our abnormal findings for this infant -in an adequate sample of neonates with gram-negative sepsis. and a study of their C 3 and C 3 P A protein kinetics is indicated, to assess the rule of the alternate pathway of complement activation in the pathogenesis of gram-negative septicemia in the neonate.
S U M M A R Y
The alternate pathway of complement activation was studied in the neonate by measuring cord blood levels of one of its components. the C 3 prouctivator protein. When compared with adult serum titers of C3PA. neonates were found to be deficient. C3PA levels increased steadily as C 3 titers increased. and ratios comparable with adult values suggested that the alternate pathway is maturing at the same rate as the classic complement pathway. However. neither C 3 nor C3PA was found to correlate with gestational age.
In one infant with a gram-negative septicemia, the C3PA concentrations were much greater than the mean value found in normal cord sera. and 1.8 2.5 times greater than the mean value for normal adults. This finding may represent an acute phase phenomena. a block in alternate pathnay expression. or synthesis of C3PA beyond catabolis~n.
